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(57) ABSTRACT 

An asynchronous transfer mode network includes a high- 
level station and a mobile station in a boundary zone 
between service cells of wireless base stations connected to 
the high-level station through asynchronous transfer mode 
channels, wherein the high level station transmits a control 
message through the asynchronous transfer mode channels 
and the wireless base stations to the mobile station and 
receives response messages from the mobile station through 
the wireless base stations and the asynchronoiis transfer 
mode chaimels, and determines a difference between trans- 
mission time lags along the asynchronous transfer mode 
channels so as to make built-in clocks provided for the 
wireless base stations synchronous with one another. 

19 Claims, 3 Drawing Sheets 
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ECONOMICAL SYNCHRONIZATION 
SYSTEM FOR ASYNCHRONOUS TRANSFER 
MODE MOBILE COMMUNICATION 
NETWORK WITHOUT DEPENDENCE ON 
EXTERNAL SYSTEM 



HELD OF THE INVENTION 

This invention relates to a mobile communication net- 
work and, more particularly, to a synchronization system for 
base stations incorporated in an asynchronous transfer mode 
mobile communication network. 

DESCRIPTION OF THE RELATED ART 

The digital communication channel is broken down into a 
synchronous transfer mode and an asynchronous transfer 
mode. The synchronous transfer mode and the asynchronous 
transfer mode are abbreviated as "STM^' and "ATM", 
respectively. In the synchronous transfer mode, time slots 
are periodically assigned to digital signals on different 
channels through the time division multiplexing, and the 
digital signals are transferred from a base station to a 
high-level station. Even if there is not any digital signal on 
a channel, the time slot is stiU periodically assigned to the 
channel, and the utilization factor is rather low. Therefore, 
the synchronous transfer mode is less appropriate for vari- 
able traffic data such as voice data and packet data. On the 
other hand, digital signals on different channels are formed 
into fixed-length cells, and the fixed-length cells are multi- 
plexed depending upon the traffic on each channel. For this 
reason, the asynchronous transfer mode is more appropriate 
for the variable traffic data. 

A mobile communication network is expected to transmit 
variable traffic data, and the asynchronous transfer mode is 
desirable for the mobile communication network. A high- 
level station is shared between plural base stations in the 
mobile communication network, and a synchronization 
between the base stations is required for a hand-off. 

Signal transmission timings at the base stations are con- 
trolled in a time division multiple access, which is abbre- 
viated as "TDMA", system. The time division multiple 
access establishes a synchronization between the base sta- 
tions with respect to the high-level station in the mobile 
communication network, and is effective against the silent 
time due to the hand-off. 

A code division multiple access, which is abbreviated as 
"CDMA", system is attractive to the communication service, 
because the user channels per unit band width are more than 
the user channels of the time division multiple access. The 
code division multiple access requires the synchronization 
for continuous communication at the hand-off. 

Nevertheless, it is not easy to establish the synchroniza- 
tion between the base stations with respect to the high-level 
station in the asynchronous transfer mode network, because 
the transmission delay is always varied. 

Japanese Patent Publication of Unexamined Application 
No. 6-30466 proposes an asynchronous transfer mode 
mobile communication system between pliu"al base stations 
and a control station. The asynchronous transfer mode 
mobile communication system includes a mobile commu- 
nication controlling station and wireless base stations com- 
municable with the mobile communication controlling sta- 
tion through plural transmission channels. The transmission 
channels are respectively connected to signal processing 
units incorporated in the mobile communication controlling 
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Station. A channel controller is provided between modulator/ 
demodulator imits and the transmission channels. When a 
hand-off is required, the wireless base station needs to 
change a modulator/demodulator unit communicating with a 

5 mobile station to another modulator/demodulator unit, and 
the channel controller connects the new modulator/ 
demodulator to the transmission cfaaimel akeady used. Thus, 
the channel controller changes the connection between the 
modulator/demodulator units and the transmission channels 

10 at the hand-off, and any interruption does not take place in 
the communication with the mobile station. However, the 
Japanese Patent Publication of Unexamined Application is 
silent to the synchronization between the base stations. 
If a high-precision clock signal is shared between wireless 

15 base stations, the high -precision clock signal makes the base 
stations synchronous with one another with respect to the 
high-level station. FIG. 1 illustrates the prior art asynchro- 
nous transfer mode mobile communication system proposed 
as TIA/EIA/IS-95-A system. Wireless base stations 1/2 are 

20 connected through asynchronous transfer mode channels 3/4 
to a high-level station 5, and a mobile station 6 is commu- 
nicating with the wireless base station 1 through a radio 
channel 7. The global positioning system is available for the 
synchronization between the wireless base stations 1 and 2. 

25 The global positioning system is abbreviated as "GPS", and 
the twenty-four space satellites broadcast high-precision 
clock signal indicative of the current time. GPS receivers 
laJ2a are incorporated in the wireless base stations 1/2, 
respectively, and the high-precision clock signal establishes 

30 the synchronization between the wireless base stations 1/2. 
A cesium atomic clock can provide a highly reliable clock 
signal, and is available for the synchronization between the 
base stations in the asynchronous transfer mode mobile 
communication system. 

However, the cesium atomic clock is so expensive that the 
installation in each base station is not feasible. On the other 
hand, the GPS receiver la/2a is economical, and the prior art 
synchronization system shown in FIG. 1 is feasible in view 

^ of the cost. However, the space satellites can not eternally 
broadcast the high -precision clock signal. For this reason, 
the prior art synchronization system is less reliable. 

SUMMARY OF THE INVENTION 

45 It is therefore an important object of the present invention 
to provide a synchronization system for an asynchronous 
transfer mode mobile communication network which is 
economical and reliable. 

To accomplish the object, the present invention proposes 

50 to periodically measure a difference in transmission time 
lags along asynchronous transfer mode channels. 

In accordance with one aspect of the present invention, 
there is provided a n asynchronous transfer mode network 
comprising a plurality of low-level stations communicable 

55 with at least one mobile station in a boundary zone between 
service cells of the plurality of low-level stations, a high- 
level station communicable with the plurality of low-level 
stations through respective asynchronous transfer mode 
channels, and a synchronization system including a plurality 

60 of clocks respectively associated with the high-level station 
and the low-level stations and independently indicating 
current times, a message transmitting unit associated with 
the high-level station and concurrently transmitting a control 
message from the high-level station to the plurality of 

65 low-level stations through the asynchronous transfer mode 
channels, a plurality of message relaying units respectively 
associated with the plurality of low-level stations, replaying 
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the control message from one of the plurality of low- level radio channels 27/28. For this reason, the mobile station 24 
stations to the at least one mobile station, respectively communicates through the radio channels 27/28, the wire- 
receiving a plurality of first response messages respectively less base stations 21/22, the asynchronous transfer mode 
supplied from the at least one mobile station to the plurality channels 25/26 and the high-level station 23 to another 
of low-level stations and respectively transmitting a plurality 5 mobile station or a telephone. For this reasons the wireless 
of second response messages from the plurality of low-level stations 21/22 for the communications between the 
sUtions through the asynchronous transfer mode channels to mobile stations 24 or the mobile station 24 and the telephone 
the high-level station, at least one firet message generator low-level stations, respectively, 
associated with the at least one mobile station and transmit- Built-m clocks 2la/22a/23a are incorporated in the wire- 
ting the plurality of first response messages to the plurality 10 l^ss stations 21/22 and the high-level station 23, 
of message relaying units after the at least one mobile station respectively, and the built-in clocks 21a/22a/23a indepen- 
receives the control message, apluraUty of second message ^^^^^y indicate time. The price of the built-in clock 21fl/ 
generators respectively connected to the plurality of mes- 22fl/23fl is much smaUer than that of the cesium atomic 
sage relaying units and respectively producing the plurality reason, the built-in clocks 2U/22a/23a are 
of second response messages each representative of the 15 employable in the asynchronous transfer mode mobile corn- 
current time indicated by the clock associated with one of munication network according to the present invention, 
the plurality of low-level stations and a first message trans- The high-level station further includes a message trans- 
mission routine from aforesaid one of the pluraUty of ^^}^^ 236 and a timing regulator 23c. The message trans- 
low-level stations to the at least one mobile station and vice mitter ^6 generates a control message MGl representative 
versa and a timing regulator connected to the message 20 of an initiation of timing regulation, and concurrenUy trans- 
transmitting unit and determining a difference between mits the control message MGl to the timing regulator 23c 
transmitting time lags along the asynchronous transfer mode wireless base stations 21/22. In this instance, a 
channels on the basis of the second response messages and layer-3 message in the TDMA mobile telephone system is 
a plurality of second message transmission routines from the expanded so as to define the control message MGl. The 
high-level station to the at least one mobile station and vice 25 control message MGl is transmitted through the asynchro- 
versa for supplying a piece of control information represen- transfer mode channels 25/26 to the wireless base 
tative of the difference between the transmitting time lags to stations 21/22. 

the plurality of low-level stations. The timing regulator 23c is responsive to the control 

message MGl, and starts to establish a synchronization in 

BRIEF DESCRIPTION OF THE DRAWINGS 30 the asynchronous transfer mode network. The timing regu- 

The features and advantages of the synchronization sys- ^^^^^ 23c measures the lapses of time from the receipt of the 

tem wiU be mote clearly understood from the following f^^^^ol message MGl to receipt of each response message 

description taken in conjunction with the accompanying MG2/MG3 from the wireless base station 21/22. The 

drawings in which* response message MG2 represents a lapse of time from the 

no. 1 is a schemaUc view showing the prior art synchro- °^^r!T°\u'''T, '"^^fu °^ " '""f?-"^ 

nization system for an asynchronous transfer mode mobile S'h^^^I v,""-! • .T'™"' 

communication system; mdicated by the budt-in clock 21<i. SimJarly, the response 

- . ..... ... message MG3 represents a lapse of time from the receipt of 

HG. 2 IS a schematic view showing a synchromzation th^ control message MGl to receipt of a response message 

system for an asynchronous transfer mode mobile commu- ^ mG5 from the mobile station and the current time indicated 

nicaaon network according to the present invention; and ^y the built-in clock 22a. The timing regulator 23c calcu- 

FIG. 3 IS a timing chart showing a determmation of lates the difference between the transmission time lag;s from 

transmission time lags carried out by the synchronization the high-level station 23 to the wireless base stations 21/22 

system. along the asynchronous transfer mode channels 25 and 26 

DESCRiraON OF THE PREFERRED « ^ ^ f*^""^ I*.-"^'^, «",*^*T^l°,'^? ^ ^"-S 

EMBODIMENT wireless base stations 21/22 to the high-level station 23 

on the basis of the lapses of time. When the differences of 

Referring to FIG. 2 of the drawings, an asynchronous transmission time lags are determined, the timing regulator 

transfer mode mobile communication network comprises 23c checks the response messages MG2/MG3 to see 

plural wireless base stations 21/22, a high-level station 23 50 whether or not the transmission time lags are correctly 

such as a mobile communication control station and plural reflected on the buiU-in clocks 21a/22a. If not, the timing 

mobile stations 24. Although the mobile stations 24 are regulator 23c supplies a control message MG6 to the built-in 

communicating with the wireless base stations 21/22, only clocks 21a/22a. The control message MG6 is representative 

one mobile station 24 is shown in FIG. 2. The wireless base of putting back the built-in clock 21af22a a certain time or 

stations 21/22 are connected through asynchronous transfer 55 putting the built-in clock 21a/22a forward a certain time, 

mode channels 25/26 to the high-level station 23, and the Thus, the timing regulator 23c makes the wireless base 

mobile station 24 transmits a transmitting signal 27 to a stations 21/22 synchronous with one another, 

radio channel 27/28. The high-level station 23 and the The wireless base stations 21/22 are similar in internal 

wireless base stations 21/22 are stationary, and service areas arrangement to one another. The wireless base station 21/22 

or service cells are assigned to the wireless base stations so further includes a relay center 216/226 and a message 

21/22, respectively. The mobile stations 24 are movable in generator 21c/22c. Although all the relay centers 216/226 

the service cells, and some mobile stations 24 are moved can relay the control message MGl to the mobile station 24, 

from certain service cells to different service cells adjacent one of the relay centers 216/226 relays the control message 

to the certain service cells. MGl to the mobile station 24, and the other relay center does 

In this instance, a 155 Mbps asynchronous transfer mode 65 not relay the message MGl to the mobile station 24. All the 

network provides the asynchronous transfer mode channels relay centers 216/226 respectively relay the control message 

25/26, and a TDMA mobile telephone network provides the MGl to the associated message generators 21c/22c, and 
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report arrivals of the response messages MG4/MG5 to the 
associated message generators 21c/22c. The message gen- 
erators 21c/22c start to measure lapses of time from the 
receipt of the control message MGl to receipts of the 
response messages MG4/MG5r respectively. The message 5 
generators 21c/22c determine the lapses of time and the 
arrival times of the response messages MG4/MG5. The 
message generators 21c^2c respectively generates the 
response messages MG2/MG3 representative of the lapses 
of time and the current times or the arrival times, and lo 
transmit the re^onse messages MG2/MG3 to the timing 
regulator 23c. 

The mobile station 24 is assimaed to be at the boundary 
between the service cell of the wireless base station 21 and 
the service cell of the wireless base station 22. The mobile 15 
station includes a message transmitter 24a. The message 
transmitter 24fl is responsive to the control message MGl 
from either wireless base station 21/22, and introduces a 
predetermined delay time between the receipt of the control 
message MGl and the transmission of the response mes- 20 
sages MG4/MG5. The response message MG4 is identical 
with the response message MG5. In other words, the wire- 
less base station 22 monitors the response message MG4 
transmitted to the wireless base station 21, and recognizes 
the monitored message MG4 as the response message MG5. ^ 
The transmission times through the radio channels 27/28 are 
exactly measured on the basis of the phase difference, and 
the arrival times are corrected as if the mobile station 24 is 
equally spaced from the wireless base stations 21 and 22. In 
other words, time lag (t6-t5) is equal to zero (see FIG. 3), ^ 

The built-in clocks 21a/22a/23a, the message transmitter 
23b, the timing regulator 23c, the relay centers 21b/22b, the 
message generators 21c/22c and the message transmitter 24a 
as a whole constitute a synchronization system 29 according 
to the present invention. 

The synchronization system 29 determines the transmis- 
sion time lag as follows. FIG. 3 illustrates message trans- 
mission timings and message receiving timings. The high- 
level station 23 transmits the control message MGl at time ^ 
tO, and the wire less stations 21 and 22 receive the control 
message MGl at tl and t3, respectively. The wireless base 
station 21 relays the control message MGl to the mobile 
station 24, and the control message MGl arrives at the 
mobile station 24 at t2. 

45 

The mobile station 24 introduces the predetermined time 
delay Tl, and transmits the response messages MG4/MG5 to 
the wireless base stations 21/22 at time t4. The response 
messages MG4/MG5 arrive at the wireless base stations 
21/22 at t5 and t6, respectively. However, the transmission so 
time lag due to the difference in distance between the mobile 
station 24 and the wireless base stations 21/22 is corrected 
as if the difference between t5 and t6 is zero. The wireless 
base stations 21/22 determines the lapses of time T2/T3 and 
the times when the response messages MG4/MG5 actually ss 
arrive at the wireless base stations 21/22. The difference 
between the lapses of time T2 and T3 is representative of the 
difference in transmission time lag from the high-level 
station 23 to the wireless base stations 21/22 along the 
asynchronous transfer mode channels 25 and 26. gg 

The wireless base stations 21/22 produce the response 
messages MG2/MG3, and transmit the response messages 
MG2/MG3 to the high-level station 23. The high-level 
station 23 determines the lapses of time T4/T5. The differ- 
ence between the lapses of time T4/T5 contains not only the 65 
difference between the transmission time lags from the 
high-level station 23 to the wireless base stations 21/22 but 



^83 Bl 

6 

also the difference between the transmission time lags from 
the wireless base stations 21/22 to the high-level station 23. 
For this reason, the difference between the transmission time 
lags ffom the wireless base stations 21/22 to the high-level 
sUtion 23 is expressed as (T5-T4)-(T2-T3). The synchro- 
nization system 29 may periodically repeat the timing regu- 
lation descaribcd hereinbefore. 

As will be appreciated from the foregoing description, the 
synchronization system 29 determines the differences io 
transmission time lag between the asynchronous transfer 
mode channels 25 and 26, and supplies the control message 
MG6 to the wireless base stations 21/22 so as lo put the 
built-in clocks 21a/22a back or forward. As a result, the 
differences in the transmission lime lag are taken into 
account, and the built-in clocks 2la/22a respectively indi- 
cate corrected times available for the synchronization 
between the wireless base stations 21/22. The synchroniza- 
tion system 29 is never dependent on any external system, 
and is surely reliable. 

Although a particular embodiment of the present inven- 
tion has been shown and described, it will be apparent to 
those skilled in the art that various changes and modifica- 
tions may be made without departing from the spirit and 
scope of the present invention. 

For example, the timing regulator 23c and the message 
generators 21c/22c may simply determine arrival times 
and/or transmission times so that the timing regulator 23c 
calculates the differences in transmission time lag along the 
arrival times and/or the transmission times. 

The wireless base stations 21/22 may communicate with 
the mobile station through the CDMA channels or another 
kind of channels. 

What is claimed is: 

1. An asynchronous transfer mode network comprising: 
a plurality of low-level stations communicable with at 

least one mobile station in a boundary zone between 

service cells of said plurality of low-level stations; 
a high-level station communicable with said plurality of 

low-level stations through respective asynchronous 

transfer mode channels; and 
a synchronization system including 

a plurality of clocks each respectively associated with 
a corresponding one of said high-level station and 
said low-level stations, and each clock independently 
indicating a ctirrent time, 

a message transmitting unit associated with said high- 
level station and concurrently transmitting a control 
message from said high-level station to said plurality 
of low-level stations through said asynchronous 
transfer mode channels, 

a plurality of message relaying units each respectively 
associated with a corresponding one of said plurality 
of low-level stations, for replaying said control mes- 
sage from one of said plurality of low-level stations 
of said at least one mobile station, each message 
relaying unit respectively receiving a first response 
message respectively supplied from said at least one 
mobile station to said plurality of low-level stations 
and respectively transmitting a second response mes- 
sage from said plurality of low-level stations through 
said asynchronous transfer mode channels to said 
high-level station, 

for each mobile station of said at least one mobile 
station, a first message generator associated with the 
corresponding mobile station and respectively trans- 
mitting said first response messages to said plurality 
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of message relaying units after said at least one 
mobile station receives said control message, 
a plurality of second message generators each respec- 
tively connected to a corresponding one of said 
plurality of message relaying units and respectively 
producing said second response message, each sec- 
ond response message representative of the current 
time indicated by the clock associated with the 
corresponding one of said plurality of low-level 



stations and a first message exchange period between 10 subtraction. 



7. The asynchronous transfer mode network as set forth in 
claim 6, in which said first time difference is determined 
through a first subtraction between the respective first lapses 
of time. 

8. The asynchronous transfer mode network as set forth in 
claim 7, in which said second time difference is determined 
through a second subtraction between the respective second 
lapses of time and a third subtraction between the difference 
of said first subtraction and the difference of said second 



said corresponding one of said plurality of low-level 
stations and said at least one mobile station, and 
a timing regulator connected to said message transmit- 
ting unit and determining a difference between trans- 
mitting time lags along said asynchronous transfer i5 
mode channels on the basis of said second response 
messages and a plurality of second message 
exchange periods between said high-level station 
and said at least one mobile station through said 
low-level stations for supplying a piece of control 20 
information representative of said difference 
between said transmitting time lags to said plurality 
of low-level stations. 

2. Tlie asynchronous transfer mode network as set forth in 
claim 1, in which each of said first message exchange 25 
periods is represented by a first lapse of time between the 
arrival time of said control message at said corresponding 
one of said plurality of low-level stations and the arrival time 

of the respective first response message and each of said 
plurality of second message exchange periods is represented 30 
by a second lapse of time between the time of transmission 
of said control message and the time of arrival of a respec- 
tive one of said plurality of second response messages at said 
high-level station through one of said asynchronous transfer 
mode channels. 35 

3. The asynchronous transfer mode network as set forth in 
claim 2, in which a difference in arrival times of said 
plurality of first response messages respectively at said 
plurality of low-level stations is corrected in a manner as if 
said at least one mobile station is equally spaced firom said 40 
plurality of low-level stations. 

4. The asynchronous transfer mode network as set forth in 
claim 1, in which said difference between said transmission 
time lags include a first time difference arising from a signal 
transmission from said high-level station to said plurality of 45 
low-level stations respectively along said asynchronous 
transfer mode channels and a second difference arising from 
respective signal transmissions from said plurality of low- 
level stations to said high-level station. 

5. The asynchronous transfer mode network as set forth in 50 
claim 4, in which said first time difference is determined on 
the basis of a difference between said first message exchange 
periods corresponding to said plurality of low-level stations, 
and said second time difference is determined on the basis of 

a difference between said plurality of second message 55 
exchange periods and said first time difference. 

6. The asynchronous U-ansfer mode network as set forth in 
claim 5, in which each of said first message exchange 
periods is represented by a first lapse of time between arrival 

of said control message at said corresponding one of said 60 
plurality of low-level stations and arrival of said respective 
first response message, and each of said plurality of second 
message exchange periods is represented by a second lapse 
of time between the transmission of said control message 
and arrival of a respective one of said plurality of second 65 
response messages at said high-level station through said 
asynchronous transfer mode diannels. 



9. The asynchronous transfer mode network as set forth in 
claim 1, in which said plurality of low-level stations com- 
municate with said at least one mobile station by using a 
time division multiple access technology. 

10. A synchronizing system comprising: 
a high-level station including 

a message transmission unit, 

a measuring unit for measuring a response time period, 
and 

a built-in clock; 

a plurality of wireless base stations each including 
a respective message relaying unit, 
a respective measuring tmit for measuring a respective 

response time period, and 
a respective built-in clock; 

a mobile station including a message response unit; and 

an asynchronous transfer mode network for communica- 
tion between at least said high-level station and said 
plurality of wireless base stations, 

wherein when said mobile station is communicable with 
said plurality of wireless base stations, transmission 
time periods are measured between said high-level 
station and said pliu'ality of wireless base stations, and 
a difference between the measured transmission time 
periods is accounted for, if necessary. 

11. A method of synchronizing base stations in an ATM 
mobile communication network when a mobile station is in 
a boundary condition between adjacent base stations, com- 
prising: 

sending a first control signal from a high-level station to 
a plurality of base stations; 

relaying the first control signal to the mobile station from 
one of the plurality of base stations; 

after receiving the control signal, transmitting a first 
response message from the mobile station to the plu- 
rality of base stations; 

at each base station, sending a second response message 
to the high-level station after receiving the response 
message; 

at the high-level station, calculating a time lag of each 
base station based on the second response messages 
received from each of the base stations and the corre- 
sponding arrival times thereof; and 

transmitting, from the high-level station, a second control 
message to the plurality of base stations to synchronize 
the base stations. 

12. The method of synchronizing base stations according 
to claim 11, wherein the first control signal is relayed to the 
mobile station from a base station among the plurality of 
base stations which first receives the first control signal from 
the high-level station. 

13. The method of synchronizing base stations according 
to claim 11, wherein each second response message sent to 
the high-level station from a corresponding base station 
contains information of the arrival time of the first response 
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message from the mobile station at the respective base 17. The synchronizing system according to claim 10, 

station, and the lapse of time between the time of arrival of wherein the base stations become synchronized with each 

the first control message from the high-level station at the other upon accounting for the transmission time period 

respective base station and the time of arrival of the first difference 

response message from the mobile station. i-^^ 

14. The method of synchronizing base stations according synchronizing system according to claim 10, 

to claim 11, wherein the time lag of each base station is wherein the measured transmission dme period between said 

calculated by determining a first difference between the high-level station and each of said plurality of wireless base 

arrival times of the second response messages in the high- stations encompasses a transmission time period between 

level station, and a second difference between the lapses of lO said mobile station and the respective wireless base station, 

time contained in the received second response messages, 19. synchronizing system according to claim 10, 

dSeJSe ""^""^ ^""""^ whereinthemeasuredtransmissiontimeperiodbetweensaid 

l^T^e synchronizing system according to claim 10, ^^^"^"^"^ f each of said plurality of wireless base 

wherein the difference in transmission time periods is 15 ^^^^^^^^ ^ transmission tmie penod between said 

resolved in the pluraUty of base stations. mobile station and the respective wireless base station as 

16. The synchronizing system according to claim 15, as a round U:ip transmissioD time between said respec- 

wherein the difference in transmission time periods is live wireless base station and said high-level station, 
resolved by resetting at least one of the respective built-in 

clocks in the plurality of base stations. « ♦ * * * 
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ABSTRACT 



Telephone calls are handed off from a wireless network to a 
wireline network under the control of a subscriber. When at 
a given location, the subscriber enters the directory number 
of the wireline terminal (typically the closest) lo which a 
future wireless call is to be transferred. The entered directory 
number is then stored in memory in the subscriber's wireless 
terminal with the current location of the subscriber as 
determined by a satellite -based global positioning system 
(GPS) for future use. If the subscriber wants to transfer a call 
to a wireline terminal, the subscriber selects a transfer 
handof[ key on the subscriber's wireless terminal. After the 
subscriber's location is determined using the GPS, it is then 
determined if a directory number (DN) of a designated 
wireline terminal has previously been entered and stored in 
memory for the subscriber's present location. If so, the call 
is transferred to the designated wireline terminal iising the 
local cellular network and the wireless call is terminated. If 
the DN of a wireline terminal associated with the subscrib- 
er's present location has not previously been entered, the 
wireless call is allowed to continue. Automatic call forward- 
ing to a designated wireline terminal is also provided for in 
the event of a weak received signal link using a table of 
previously entered vrireline terminal DN's. In both manual 
and automatic transfer of a wkeless call, the subscriber must 
pick up the ringing wireline terminal to complete call 
transfer. 

13 Claims, 5 Drawing Sheets 
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HANDOFF OF PHONE CALLS FROM deactivation of call forwarding to selected, preprogrammed 

WIRELESS TO WIRELINE NETWORK wireline terminal numbeis. 



SUMMARY OF THE INVENTION 



TECHNICAL FIELD OF THE INVENTION 



^ The present invention contemplates the handing off of 

This invention relates generally to wireline and wireless telephone calls from a wireless network to a traditional 

telephone networks and is particularly directed to the hand- wireline network cither automatically or under the control of 

off of calls from a wireless network to a wireline network the subscriber. In order to later transfer a telephone call from 

either manually under the control of a subscriber or auto- the wireless to the wireline network, the subscriber, when in 

matically such as in the event of a weak received signal. the vicinity of a designated wireline terminal to which it is 

desired to transfer a call, selects a transfer handoff key on the 

BACKGROUND OF THE INVENTION mobile terminal and enters the directory number (DN) of the 

Tel^hone-communication today is accomplished either designated wireline tenninal. At this time, the wireless 

by a wireline or a wireless telephone network. The wireline terminal determines the present coordinates of the subscriber 

telephone network includes a first voice terminal (first ^^^^^ of a satelUte-based global positioning system 

subscriber set), a wireline to a switching office, large capac- i^^^) stores the wireline terminal DN and present 

ity physical trunks between switching offices, and a wire line coordinates in a table in its memory for later use. The 

to another voice terminal, (second subscriber set). The telephone number of the designated wireline terminal is thus 

switching offices as well as the connection between the matched with a given set of coordinates for possible future 

switching offices is known as a Public Switched Telephone ^ use in transferring a wireless telephone call to the wireline 

Networic (PSTN). The major components of a wireless network. 

telephone network, or cellular system, include a Mobile When the subscriber desires to transfer a wireless call to 

Switch Center (MSQ, a Base Station (BS), also known as a the wireline network, the subscriber selects the handoff 

Cell Site (CS), and a Mobile Station (MS), also known ^ 25 ^^^^'^ mobile terminal. The mobile terminal 

Mobile Unit (MU). The MSC interconnects the cellular then determines its present coordinates using GPS 

system with the PSTN. information, compares its present coordinates with the coor- 

Currently, if a subscriber or user (which terms arc used dioates of various wireUne terminals whose directory num- 
interchangeably hereafter) originates a telephone call on a ^^^^ stored in memory, determines the wireline terminal 
cellular network and desires to continue the call on a 3Q closest to its present coordinates within a predetermined 
wireline network the call must be disconnected on the "^^^g^ ^^m its present coordinates, and transfers the call to 
cellular network and re-estabhshed on the wireline network. wireline terminal. Transfer of the call from the wireless 
This is typically accomplished by terminating operation of network to the wireline network is accomplished by the 
the mobile imit, followed by initiating a new call via a wireless terminal providing the wireline directory number of 
wireline terminal to the directory number to which the 35 designated wireline terminal to the Mobile Switching 
terminated call was placed. Terminating the call on the Center (MSC) of the wireless network. The MSC then 
cellular network and re-establishing the call on the wireline bridges the wireless call to the wireline terminal and pro- 
network may be desirable for various reasons. For example, ^id^s ^ signal to the designated wireline terminal. The 
the caller may wish to tencninate the call on the cellular subscriber then picks up the receiver at the designated 
network and re-establish it on the wireline network to obtain 4Q wireline terminal resulting in an "answer" signal being 
thebenefitof better voice quaUty and less expensive service transmitted from the designated wireline terminal to the 
on the wireline network. While it may be desirable under MSC. The MSC then drops the connection to the wireless 
certain circumstances to transfer the call, the process of terminal while maintaining the connection between the 
transferring the call is cumbetsome, inefficient and time designated wireline terminal and the other party, 
consuming. Another embodiment of the invention allows a subscriber 

In addition, today wireless users have available a call have wireless calls automatically forwarded to a desig- 

forwarding feature which may be used to temporarily direct nated wireline terminal (or perhaps plural wireline 

inbound calls to another number which may be a wireline terminals) if the signal strength is weak whenever the 

terminal nimiber. Wreless calls may be forwarded to a wireless terminal is within a predetermined distance from 

wireline tenninal to avoid wireless airtime charges or the 50 *® wireline terminal (or terminals) as determined by the 

effect of a low signal strength area when the mobile sub- location of both tenninals using GPS coordinate informa- 

scriber is near a designated wirehne terminal. The process of ^o". This allows for the automatic forwarding of a wireless 

activating/deactivating call forwarding is manual, telephone call to the nearest wireline terminal to provide the 

cumbersome, and prone to error. Each time the wireless possible telephone call reception, 

subscriber nears a wireline terminal to which it is desired to 55 ^r^rr^r^ .^^r^^r.,,,^^., 

direct new, inbound calls, the subscriber must program the ^^^^ DESCRIPTION OF THE DRAWINGS 

wireline terminal's directory number as the forwarded num- The appended claims set forth those novel features which 

ber. Additionally, when the subscriber leaves the vicinity of characterize the invention. However, the invention itself, as 

the wireline terminal, the subscriber must deactivate call well as further objects and advantages thereof, will best be 

forwarding or inbound calls will continue to be sent to the 60 understood by reference to the following detailed descrip- 

wireline terminal that the subscriber is no longer in close tion of a preferred embodiment taken in conjunction with the 

proximity to. accompanying drawings, where like reference characters 

The present invention addresses the aforementioned limi- identify like elements throughout the various figures, in 

tations of the prior art by providing for the handoff of a which: 

telephone call from a first wireless network to a second 65 FIG. 1 is a simplified sdiematic diagram of a combined 

wireline network cither manually or automatically. The wireline and wireless communications network employing 

present invention also provides for the automatic activation/ position locating satellites for handing off telephone calls 
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from the wireless to the wireline network in accordance with between each base station and a Public Switched Telephone 

the present invention; Network (PSTN) 58 to which the MSC is connected. AU of 

FIG. 2 is a simplified schematic diagram shown partially information exchanged between MSCs 66a, 66b and 66c 

in phantom of a wireless terminal and control panel therefor ^one by standard telephone 

for use in handing off telephone calls from a wireless to a ' ^'^'^ techniques Each MSC administers radio channels 

wireline network in accordance with the present invenUon; '^'^^ ^ ^y^'^j", '^^ mdmdual base 

stations, coordinates paging and handoff functionality, and 

FIG. 3 IS a simplified flow chart iUustrating the series of maintains the integrity of the cellular system, 

steps involved in storing a designated wireline directory ^^^^^ . .^^j^^^^ 

number with an associated set of coordmates m the memory ^^^^^ ^^a and 62b as well as a large number of wireUne 

of a wireless termmal for possible later use m transferring a ^^^^^ ^^^^^ wireline terminals is shown as 

wireless call to the designated wirehne directory number ^j^^^^, 64 in the figure. The PSTN network 58 is connected 

based upon the location of the wireless terminal or m ^ as weU as to the wireless 

activaung automaUc call forwarding to a designated wireline intelligent network 56 and the SSI network 60. All of the 

ermma , elements discussed thus far are standard components of a 

FIG. 4 is a simplified flow chart illustrating the steps combined wireline and wireless communications network. It 

involved in the automatic handoff of a wireless telephone is in the unique operation of the subscriber mobile terminal 

call from a wireless terminal to a designated wireline 70 and MSCs 66fl, 66b and 66c that the present invention 

terminal in the vicinity of the wireless terminal in accor- resides 

dance with another aspect of the present invention; ^h, telephone caU handoff system 54 further includes 

FIG. 5 is a simplified flow chart illustrating the series of plural satellites orbiting the earth such as shown for the case 

steps involved in manually transferring a telephone call from of satellites 12a, 12b, 12c and 12d. The satellites are of the 

a wireless terminal to a designated wireline terminal in global positioning type and are preferably part of the Global 

accordance with the another aspect of the present invention; Positioning System (GPS) operated by the U.S. Department 

FIG. 6 is a simplified flow chart illustrating the steps 25 of Defense. This well known navigation and location system 

involved in handing off a telephone call from a wireless employs triangulation using synchronized signals received 

terminal to a wireline terminal via a Mobile Switching from four or more of a set of GPS satellites orbiting the 

Center in accordance with the principles of the present earth. The present invention employs the position locating 

invention; and feature of the GPS for identifying the current coordinates of 

FIG. 7 is a simplified flow chart illustrating the steps 30 a wireless terminal 70 having a GPS receiver. This allows 

carried out in activating an automatic call forwarding mode wireless terminal 70 to determine its present geographic 

from a wireless terminal to a wireline terminal in accordance location in temis of latitude and longitude coordinates, 

with another aspect of the present invention; Determining the present geographic location of the wireless 

FIG. 8 is a simplified flow chart illustraUng the steps ^^'^^^l 70 may employ any of the more common 

involved in disabUng an automatic call forwarding mode of ^Pfoaches now available to determmmg present latitude 

operation from a wireless terminal to a wireUne terminal in "'^^ longitude coordinates as briefly discussed m the follow- 

accordance with yet another aspect of the present invention; paragrap . 

One approach that could be used in providing the wireless 

CT/^ A • i c J fl u ^ -11 * *u f terminal 70 with its present latitude and longitude coordi- 

FIG. 9 IS a simplified flow chart lUustratmg the series of • jr^^i^^^j ;« tic d » kt < ah^ao-^ t ♦u- 

. . ... . . * . „ , 40 nates is disclosed in U.S. Pat. No. 5,479,482. In this 

steps earned out by a mobile switchmg center m a cellular ^ ^^^^ ^ ^^^.^^^ ' ^ 

telephone networkin the automaUc call forwarding mode of information from plural GPS satellites. TTie 

operation from a wueless to a wirehne network m accor- * ik.k, 1 ^ ,1, ^- . . 

J '.u *u . r . • cellular terminal converts these eeo-coordinales to present 

dance with another aspect of the present mvention. . - e ^ uui »- ■ r -t. 

^ ^ location information, which location information is then 

DETAILED DESCRIPTION OF THE transmitted to a public safety answering point via a cellular 

PREFERRED EMBODIMENTS switching system such as to provide public emergency call 

location information. Another approach which could be used 

Referring to FIG. 1, there is shown a simplified schematic in the present invention to provide present location infor- 

diagram of a telephone call handoff system 54 employing mation for wireless terminal 70 is disclosed in U.S. Pat, No. 

position locating satellites for handing off telephone calls 50 5,815,538. In this approach, the location of a subscriber 

from a wireless network to a wireline network in accordance device in a wireless cellular communications system is 

with the principles of the present invention. The telephone established by transmitting digital data signals to a cellular 

call handoff system 54 includes a cellular telephone network digital data receiver in the subscriber device from at least 

comprised of a signaling system 7 (SS7) network 60, a three different cellular cell site transmitters at known loca- 

wireless intelligent network 56, plural Mobile Switching 55 lions. Each data signal includes a time-synchronized syn- 

Centers (MSCs) 66fl^ 66b and 66c, and plural base stations chronization signal which is preferably synchronized 

68a and 68fc. Only the first MSC 66a as shown with base through the time signals of the global positioning system, 

stations 68a and 68fc for simplicity, it being understood that The time of arrival of each of the time-synchronized syn- 

the second and third MSCs 66fe and 66c similarly support chronization signals is detennined with respect to an internal 

plural base stations in the cellular network. MSCs are 60 clock of the receiver. The present location of the subscriber 

involved with switching calls between different base device is established finom the known locations of the several 

stations, or cell sites, in realtime as a subscriber moves from cell sites in combination with the times of arrival of the 

one area of coverage of one base station to that of another. synchronization signals relative to the receiver's internal 

This process is known as call "handoff*' of a subscriber clock. Still another approach whidi could be used in the 

mobile terminal 70 between adjacent base stations. Each 65 present invention for providing present location informatioo 

MSC serves as a central coordinator and controller for the to wireless terminal 70 is disclosed in U.S. Pat. No. 5,982, 

cellular services within its area and functions as an interface 324. In this approach, a cellular network is utilized to collect 
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differential GPS error correction data which is forwarded to 
a mobile terminal via the cellular network. The mobile 
terminal receives this data, along with GPS pseudoranges 
using a GPS receiver and calculates its position using this 
information. In another embodiment, when the requisite 5 
number of GPS satellites are not in view of the mobile 
terminal, a GPS pseudosatellite signal transmitted from a 
base station in the cellular network is received by the mobile 
terminal and processed as a substitute for the missing GPS 
satellite signal. A third embodiment is used when the req- iq 
uisite nimiber of GPS satellites are not in clear view of the 
GPS receiver, with the system th«i switching from relying 
on the GPS portion of the system to utilizing the cellular 
network infrastructure to determine location. This is done by 
using either time of arrival (TOA) or time difference of 15 
arrival (TDOA) methods for detennining location in the 
cellular network portion of the system. When the mobile 
terminal is moved to a location where the requisite number 
of satellites are again in clear view of GPS receiver, the 
system switches back to using the GPS portion of the system 20 
to determine location. Any of the aforementioned 
approaches for accurately determining the position of the 
wireless terminal 70 could be used in implementing the 
present invention. 

Referring to FIG. 2, there is shown a combined plan view 25 
and simplified schematic diagram of the wireless terminal 70 
used in the present invention. As shown in the figure, the 
wireless terminal 70 includes a video display 32, such as, for 
example, in the form of a liquid crystal diode (LCD) screen 
for presenting information to the subscriber. Wireless ter- 30 
minal 70 further includes a speaker 34, a microphone 38, and 
an antenna 36. Wireless terminal 70 also includes a set off 
alphanumeric keys 46, as well as menu down and menu up 
selectors 40, 42 and a soft selector key 44. The menu down 
and menu up selectors, 40, 41 permit the soft selector key 44 35 
to be used in various functional modes. One mode in which 
the soft selector key 44 is used in the present invention is as 
a call transfer handoff key for manually transferring a call 
from a wireless to a wireline network as described below. 
Another mode in which the soft selector key 44 is used in the 40 
present invention is to store in memory the present coordi- 
nates of the mobile terminal 70 as well as the directory 
number to (DN) of a wireline terminal in the vicinity of the 
wireless terminal to which a telephone call is to be trans- 
ferred. The handheld mobile terminal 70 also includes a 45 
controller 30a, a memory 306 and a GPS receiver 30c. 
Controller 30a controls the operation of the mobile terminal 
70 in accordance with an operating program stored therein. 
Memory 30b stores such information as geographic coordi- 
nates and directory numbers of wireline terminals located in 50 
the vicinity of stored geographic coordinates for the transfer 
of telephone calls as described below. The GPS receiver 30c 
permits the wireless terminal 70 to accurately determine its 
present location using GPS coordinate information. The 
handheld mobile terminal 70 is used in the following manner 55 
to hand off a telephone call from a wireless to a wireline 
network. 

Referring to FIG. 3, there is shown a simplified flow chart 
illustrating the series of steps involved in storing a desig- 
nated wireline directory number (DN) with an associated set eo 
of geographic coordinates in the memory 30b of the wireless 
terminal 70 for possible later use in transferring a wireless 
call to the designated wireline directory number based upon 
the present location of the wireless terminal in accordance 
with one aspect of the present invention. A subscriber must 65 
initially determine to which wireline terminal it is desired to 
hand off a wireless telephone call when at a given location. 



,316 Bl 

6 

This procedure is initiated at step 100 by the subscriber 
selecting the soft selector key 44 on the wireless terminal 70 
for initiating the handoff mode. In this mode, the soft 
selector key 44 is used to store information in memory 30b, 
The subscriber then at step 102 enters the DN of the wireline 
terminal to which it is desired to transfer a wireless tele- 
phone call at the present location of the wireless terminal 70. 
The wireless terminal 70 then automatically at step 104 
determines its present location in latitude and longitude 
coordinates based upon information received by the wireless 
terminal's GPS receiver 30c. The wireless terminal's con- 
troller 30a at step 106 then determines if there is an existing 
directory ntmiber stored in the terminal's memory 30b for 
the coordinates calculated at step 104 or which overlaps 
within a predetermined range a previously stored directory 
number. If at step 106 it is determined that there is not an 
existing directory number in the wireless terminal's memory 
30b, the program proceeds to step 108 and stores the GPS 
coordinates calculated at step 104 together with the wireline 
directory number entered at step 102 in the wireless termi- 
nal's memory 30b in an associated manner. The program 
then proceeds to step 110 and is completed. If at step 106 it 
is determined that there is an existing directory number for 
the calculated GPS coordinates stored in the wireless ter- 
minal's memory 306, the program proceeds to step 112 and 
provides a prompt to the subscriber such as on the terminal's 
video display 32 that there are conflicting directory num- 
bers. The program then at step 114 allows the subscriber to 
overwrite the existing directory number with the wirehne 
directory number entered in step 102. The program then 
proceeds to step 108 for storing the GPS coordinates cal- 
culated at step 104 with the wireline directory number 
entered at step 102 in the wireless terminal's memory 306. 
If the subscriber elects not to overwrite the existing directory 
number in the wireless terminal's memory 30b at step 114, 
the program proceeds to step 110 and is completed. 

Referring to FIG. 4, there is shown a simplified flow chart 
illustrating the steps involved in the automatic handoff of a 
wireless telephone call to a designated wireline terminal in 
accordance with another aspect of the present invention. 
FIG. 4 also shows the series of steps involved in activating 
automatic call forwarding to a designated wireline terminal 
in accordance with another aspect of the present invention. 
The automatic transfer of a wireless call to a wireline 
terminal is initiated at step 120 with the detection by the 
wireless terminal 70 of a weak received signal. Conven- 
tional means such as a software routine or a signal strength 
comparator circuit or threshold level detection circuit may 
be used in the wireless tenminal 70 to determine if the 
received signal strength is less than a predetermined level. 
The program then proceeds to step 122 and determines if the 
decision has been made in the program not to handoff a weak 
received signal to a designated wireline terminal. If the 
program does not provide for the automatic handoff of a 
wireless telephone call in the event of a weak received 
signal, the program proceeds to step 142 and is complete. If 
at step 122 it is determined that a wireless telephone call 
with a weak received signal is to be automatically handed off 
to a wirehne terminal, the program proceeds to step 124 with 
the wireless terminal calculating its current GPS coordinates 
using information from its GPS receiver. The program then 
proceeds to step 126 to look up a directory number stored in 
the wireless tenninal's memory 30b associated with the GPS 
coordinates calculated at step 124. If the program at step 128 
determines that there is no directory number stored in the 
wireless terminal's memory 30b associated with the GPS 
coordinates calculated at step 124, the program proceeds to 
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Step 142 and is complete. If at step 128 it is determined that phone call has been transferred. The program stored in the 
a directory number associated with the GPS coordinates MSG then bills the remainder of the call at the wireline 
calculated at step 124 is stored in the wireless terminal's telephone call rate at step 170 which is generally less than 
memory 306, the program proceeds to step 130 and prompts the rate of a wireless telephone call, 
the subscriber so that the call can be handed off to a 5 The wireline terminal to whidi a telephone call is trans- 
designated wireline terminal. If at step 132 a subscriber ferred may be a public telephone. In this event, after the call 
elects not to hand off the wireless telephone call to a to the designated wireline directory number is answered as 
designated wireline terminal, the program proceeds to step shown in step 174 in FIG. 6, the program in the MSG 
136 and marks the call as do not execute a call handoff and provides a prerecorded message to identify the intended 
then proceeds to step 142 and is completed. If at step 132 the 10 P^^y transferred call at step 180 as shown in dotted 
subscriber elects to hando£f the wireless telephone call line form in FIG. 6. Examples of such prerecorded messages 
having an associated weak signal strength by providing the may be "Call from John Smith, please have John Smith 
appropriate input command on the wireless terminal 70, the come to the phone" and to the party at the other end of the 
program proceeds to step 138 and provides the directory line "Please hold while we contact your party". Conven- 
number of the designated wireline terminal stored in the ^5 tional means such as voice recognition may then be used at 
wireless terminal's memory 30fe to an MSG in the cellular step 182 (also shown in phantom) to verify that the call has 
network for handing off the telephone call. The program been answered by the intended party. If the intended party 
then proceeds to step 140 and enters the stable call state for does not answer the transferred telephone call within a 
transferring the wireless call to the designated wireline predetermined time, the transferred telephone call is 
terminal. 20 dropped and the caller may be routed to the intended party's 

Referring to FIG. 5, there is shown a simplified flow chart voice mail. After verifying that the intended party has 

illustrating the steps involved in manually transferring a answered the traosfened call at the designated wireline 

wireless call under the control of the subscriber to a desig- terminal at step 182, the program proceeds to step 176 for 

naled wireline terminal. The program is initiated at step 150 completing transfer of the call to the wireline terminal and 

with the selection by the subscriber of the soft selector key 25 dropping the connection to the wireless terminal. 

44 in the call transfer mode on the wireless terminal 70. The Referring to FIG. 7, there is shown in simplified flow 

program stored in the wireless terminars controller 30fl then chart form the steps carried out in activating an automatic 

calculates the current GPS coordinates of the wireless ter- call forwarding mode from a wireless terminal to a wireline 

minal at step 152 using GPS positioning information. The terminal having a designated DN in accordance with another 

program then proceeds to step 154 and determines if there is 30 aspect of the present invention. At step 190, a subscriber 

an associated directory number for a wireline terminal for having, the mobile terminal enters a zone defined in terms of 

the GPS coordinates calculated at step 152 stored in the geographic coordinates previously stored in a table. Each set 

wireless terminal's memory 306. The program then deter- of geographic coordinates is stored in the table with an 

mines at step 156 if a directory number associated with the associated DN of a wireline terminal located at or near the 

calculated GPS coordinates is stored in a table in the 35 stored geographic coordinates. Thus, each set of geographic 

wireless terminal's memory 306. If at step 156 it is deter- coordinates is stored in the table with the DN of an associ- 

mined that there is no directory number stored in the ated wireline terminal located at or near the stored coordi- 

wireless terminal's memory 306 associated with the GPS nates. At step 192, a message is sent from the mobile 

coordinates calculated at step 152, the wireless terminal terminal to the mobile switching center (MSG) of the 

displays an error message on its video display 32 at step 162 40 cellular network by means of a data link for actuating an 

permitting the subscriber to select the program mode at step automatic call forwarding mode of operation to a designated 

164 which is described above and shown in FIG. 3. If at step DN. Thus, a call placed to a mobile terminal of a subscriber 

156 it is determined that a directory number associated with located near or in the vicinity of a designated wireline 

the GPS coordinates calculated at step 152 is stored in the terminal in a given zone will result in automatic forwarding 

wireless terminal's memory 306, the program proceeds to 45 of the call to the designated wireline terminal, 

step 158 and transmits the directory nimiber from the Referring to FIG. 8, there is shown a simplified flow chart 

wireless terminal to an MSG of the wireless network for of the steps involved in disabling the automatic call for- 

handing the wireless call off to the designated wireline warding mode of operation just described in terms of FIG. 

terminal. The program then proceeds to step 160 and enters 7 in accordance with another aspect of the present invention, 

the stable call state for transferring the wireless call to the 50 At step 194, the subscriber leaves a zone defined in terms of 

designated wireline terminal. geographic coordinates and havmg an associated DN of a 

Referring to FIG. 6, there is shown a simplified flow chart designated wireline terminal stored in the table. At step 196, 

illustrating the steps carried out by an MSG of the cellular the automatic call forwarding mode is disabled and caUs to 

network in transferring a call from a wireless terminal to a the mobile terminal will no longer be automaticaUy for- 

designated wireline terminal in accordance with another 55 warded to the designated wireline DN because the mobile 

aspect of the present invention. The program stored in the subscriber has departed from the vicinity, or zone, of the 

MSG is initiated at step 170 with receipt by the MSG of a designated wireline DN. A disabling signal is provided from 

handoff message from the wireless terminal from which the the mobile terminal to the MSG via the aforementioned data 

telephone call is to be transferred. The MSG program then link in a conventional manner. The table in which the 

at step 172 initiates a call transfer to the directory number of 60 geographic coordinates and directory numbers are stored is 

the designated wireline terminal from the wireless terminal. located in the mobile terminal which permits the mobile 

The caU to the designated wireline terminal which has its terminal, using its GPS receiver, to continuously compare its 

directory number stored in the wireless terminal's memory present location with the stored coordinates of the desig- 

306 is then answered at step 174 by the subscriber. The MSG natcd wireline terminals for automatic call forwarding. The 

program then completes U:ansferofthe telephone call at step 65 size of a given zone associated with the location of a 

176 to the designated wireUne terminal and drops the designated wireline terminal may be fixed as desired using 

connection to the wireless terminal from which the tele- conventional programming. 
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Referring to FIG. 9, there is shown a simpUfied flow chart 
of the series of steps involved in the automatic call forward- 
ing of a call placed to a mobile terminal which is forwarded 
to a designated wireline terminal. At step 200, the MSG 
receives a call for a wireless terminal. At step 202, a program 
stored in the MSG determines if automatic call forwarding 
is activated. If automatic call forwarding is not activated, the 
program proceeds to step 204 and places the call to the 
wireless terminal having the selected DN. If at step 202 it is 
determined that automatic call forwarding is activated, the 
program proceeds to step 206 and determines if the desig- 
nated DN is a public telephone. If at step 206 it is determined 
that the designated DN is not a public telephone, the 
program proceeds to step 208 and forwards the call to the 
designated, non-public telephone wireline DN. If at step 206 
it is determined that the designated DN is a public telephone, 
the program proceeds to step 210 and provides a recorded 
message to the designated public telephone for the purpose 
of identifying the intended party of the call as described 
above with respect to FIG. 6. The program then proceeds to 
step 212 for verifying that the call has been answered by the 
intended party at the designated public telephone DN also is 
previously described with respect to FIG. 6. 

While particular embodiments of the present invention 
have been shown and described, it will be obvious to those 
skilled in the relevant arts that changes and modifications 
may be made without departing from the invention in its 
broader aspects. Therefore, the aim in the appended claims 
is to cover all such changes and modifications as fall within 
the tme spirit and scope of the invention. Hie matter set forth 
in the foregoing description and accompanying drawings is 
offered by way of illustration only and not as a limitation. 
The actual scope of the invention is intended to be defined 
in the following claims when viewed in their proper per- 
spective based on the prior art. 

We claim: 

1. A method for banding off a telephone call from a first 
terminal in a wireless network to a second terminal in a 
wireline network, wherein said second terminal has an 
associated directory number, said method comprising the 
steps of: 

storing in a memory in the first terminal the directory 
number of the second terminal when the first terminal 
is in the vicinity of the second terminal; 

determining the geographic coordinates of the first termi- 
nal when the first terminal is in the vicinity of the 
second terminal; 

storing the geographic coordinates with the directory 
number in said memory in an associated manner; 

placing a telephone call on the wireless network using the 
first terminal; 

selecting a telephone call handoff selector key on the first 
terminal for transferring the telephone call to the wire- 
line network; 

determining the current geographic coordinates of the first 
terminal and comparing said current geographic coor- 
dinates with the geographic coordinates stored io said 
memory; 

generating a signal to initiate the transfer of the telephone 
call to the second terminal if the current geographic 
coordinates of the first terminal match the geographic 
coordinates stored in said memory; or 

comparing a signal strength of a telephone call from the 
first terminal in the wireless network with a reference 
signal level and, if the signal strength of the telephone 
call is less than said reference signal level, determining 
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the current geographic coordinates of the first terminal 
for automatically transferring the telephone call to the 
second terminal if the current geographic coordinates 
of the first terminal match the geographic coordinates 
5 stored in said memory associated with the second 
terminal; and 

terminating the telephone call on the wireless network. 
2. The method of claim 1 further comprising the step of 
storing in said memory the directory numbers of plural 

10 second terminals in the wireline network when the first 
terminal is in the vicinity of each respective second terminal 
and further determining and storing the geographic coordi- 
nates of the first terminal when in the vicinity of each 
respective second terminal, wherein each directory number 

15 is stored in an associated manner with the geographic 
coordinates of the first terminal when the first terminal is io 
the vicinity of a respective second terminal for transferring 
a telephone call from the wireless network to any of said 
second terminals in the wireline network 

20 3. The method of claim 1 further comprising the step of 
comparing the directory number of the designated wireline 
terminal with the contents of said memory to determine the 
presence in said memory of a previously stored directory 
ntmiber associated with the geographic coordinates of said 

25 designated wireline terminal and for overriding a directory 
number previously stored in said memory with the directory 
number of the designated wireline terminal. 

4. The method of claim 1 further comprising the step of 
changing a billing rate chargeable to a subscriber when the 

^0 telephone call is switched fi-om the wireless network to the 
wireline network. 

5. The method of claim 1 further comprising the step of 
providing a voice message to the second terminal for iden- 
tifying an intended recipient of the telephone call where the 

^5 second terminal is a public telephone. 

6. The method of claim 5 further comprising the step of 
routing the telephone call to the intended recipient's voice 
mail if the intended recipient of the telephone call does not 
respond on the second terminal within a designated time 

40 period. 

7. A method for handing off a telephone call from a first 
terminal in a wireless network to a second terminal in a 
wireline network, wherein said second terminal has an 
associated directory number, said method comprising the 

45 steps of: 

storing in a memory in the first terminal the directory 
number of the second terminal when the first terminal 
is in the vicinity of the second terminal; 

determining the geographic coordinates of the first termi- 
nal when the first terminal is in the vicinity of the 
second terminal; 

storing the geographic coordinates with the directory 
number in said memory in an associated manner; 
55 placing a telephone call on the wireless network using the 
first terminal; 

selecting a telephone call handoff selector key on the first 
tenninal for transferring the telephone call to the wire- 
line network; 

60 determining the current geographic coordinates of the first 
terminal and comparing said current geographic coor- 
dinates with the geographic coordinates stored in said 
memory; 

generating a signal to initiate the transfer of the telephone 
65 call to the second terminal if the current geographic 
coordinates of the first terminal match the geographic 
coordinates stored in said memory; 
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15 



verifying the identity of a person answering the pubhc 
telephone as an intended recipient of the telephone call 
including using voice recognition of the intended 
recipient of the telephone call; and 

terminating the telephone call on the wireless network. ^ 

8. A method for banding off a telephone call from a first 
terminal in a wireless network to one of a plurality of second 
terminals in a wireline network, wherein each of said second 
terminals has an associated directory number, said method 
comprising the steps of: 10 

storing in a memory in the first terminal the directory 
number of each of said plural second terminals in the 
wireline network when the first terminal is in the 
vicinity of each respective second terminal; 

determiniag the geographic coordinates of the first termi- 
nal when the first terminal is in the vidnity of each 
respective second terminal; 

storing the geographic coordinates of the first temiinal 
when in the vicinity of each respective second terminal 20 
with the directory number of the second terminal that 
the first terminal is in the vicinity of in said memory in 
an associated manner; 

placing a telephone call on the wireless network using the 
first terminal; 25 

determining the current geographic coordinates of the first 
terminal and comparing said current geographic coor- 
dinates with the geographic coordinates stored in said 
memory; 

comparing a signal strength of a telephone call from the ^ 
first terminal in the wireless network with a reference 
signal level and, if the signal strength of the telephone 
call is less than said reference signal level, automati- 
cally generating a signal lo initiate transfer of the 
telephone caU to one of the second terminals if the 
current geographic coordinates of the first terminal 
match the geographic coordinates stored in said 
memory associated with said one of the second termi- 
nals; and 

terminating the telephone call on the wireless network. 

9. A method for the automatic forwarding of a telephone 
call placed to a first terminal in a wireless network to a 
second terminal in a wireline terminal via a mobile switch- 
ing center, wherein said second terminal has an associated 
directory number, said method comprising the steps of: 

storing in a m«Dory in the first terminal the directory 

number of the second terminal when the first terminal 

is in the vicinity of the second terminal; 
determining the geographic coordinates of the first termi- so 

nal when the first terminal is in the vicinity of the 

second terminal; 
storing the geographic coordinates of the first terminal 

when in the vicinity of the second terminal with the 

directory number in said memory in an associated 

manner; 

activating a call forwarding mode of operation in the 

mobile switching center; 
placing a telephone to the first terminal via the wireless 

network; 

determining the current geographic coordinates of the first 
terminal and comparing said current geographic coor- 
dinates with the geographic coordinates stored in said 
memory; 65 

generating a signal to initiate the transfer of the telephone 
call to the second terminal if the current geographic 



40 



60 



coordinates of the first terminal match the geographic 
coordinates stored in said memory; or 
comparing a signal strength of a telephone call to the first 
terminal in the wireless network with a reference signal 
level and, if the signal strength of the telephone call is 
less than said reference signal level, determining the 
cuaent geographic coordinates of the first terminal for 
automatically transferring the telephone call to the 
second terminal if the current geographic coordinates 
of the first terminal match the geographic coordinates 
stored in said memory associated with the second 
terminal; and 

terminating the telephone call on the wireless network. 

10. The method of claim 9 further comprising the step of 
changing a billing rate chargeable to a subscriber when the 
telephone call is switched from the wireless network to the 
wireline network. 

11. The method of claim 9 further comprising the step of 
providing a voice message to the second terminal for iden- 
tifying an intended recipient of the telephone call where the 
second terminal is a public telephone. 

12. The method of claim 11 further comprising the step of 
routing the telephone call to the intended recipient's voice 
mail if the intended recipient of the telephone call does not 
respond on the second terminal within a designated time 
period. 

13. A method for the automatic forwarding of a telephone 
call placed to a first terminal in a wireless network to a 
second terminal in a wireline terminal via a mobile switch- 
ing center, wherein said second terminal has an associated 
directory number, said method comprising the steps of: 

storing in a memory in the first terminal the directory 
number of the second terminal when the first terminal 
is in the vicinity of the second terminal; 

determining the geographic coordinates of the first termi- 
nal when the first terminal is in the vicinity of the 
second terminal; 

storing the geographic coordinates of the first terminal 
when in the vicinity of the second terminal with the 
directory ntmiber in said memory in an associated 
manner; 

activating a call forwarding mode of operation in the 

mobile switching center; 
placing a telephone to the first terminal via the wireless 

network; 

determining the current geographic coordinates of the first 
terminal and comparing said current geographic coor- 
dinates with the geographic coordinates stored in said 

memory; 

generating a signal to initiate the transfer of the telephone 
call to the second terminal if the current geographic 
coordinates of the first terminal match the geographic 
coordinates stored in said memory; 

verifying the identity of a person answering the public 
telephone as an intended recipient of the telephone call 
including using voice recognition of the intended 
recipient of the telephone call; and 

terminating the telephone call on the wireless network. 
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L Number 


Hits 


Search Te?ct 


DB 


Time stamp 


1 


6803 


voice adj mail 


USPAT; 
US-PGPUB 


2004/07/08 09:35 


2 


1631 


(sync or synchroniS) and (voice adj mail) 


USPAT; 
US-PGPUB 


2004/07/08 09:57 


3 


1310 


(mobile or wireless or cellular or radio) and ((sync or synchroniS) and 
(voice adj mail)) 


USPAT; 
US-PGPUB 


2004/07/08 09:35 


4 


193 


voice adj mail same (predetermined or specific or specified) near tim$3 


USPAT; 
US-PGPUB 


2004/07/08 09:36 


5 


16 


((mobile or wireless or cellular or radio) and ((sync or synchroniS) and 
(voice adj mail))) and (voice adj mail same (predetermined or specific or 
specified) near tim$3) 


USPAT; 
US-PGPUB 


2004/07/08 09:54 


6 


353 


base adj station near4 (adjust$3 or reset$3) with (time or timing) 


USPAT; 
US-PGPUB 


2004/07/08 09:55 


7 


13970 


(device or unit or mobile or station) near2 request$3 same (time or 
timing) 


USPAT; 
US-PGPUB 


2004/07/08 10:01 


8 


85 


(base adj station near4 (adjustS3 or reset$3) with (time or timing)) and 
((device or unit or mobile or station) near2 request$3 same (time or 
timing)) 


USPAT; 
US-PGPUB 


2004/07/08 09:57 


9 


65 


(sync or synchroniS) and ((base adj station near4 (adjustS3 or reset$3) 
with (time or timing)) and ((device or unit or mobile or station) near2 
request$3 same (time or timing))) 


USPAT; 
US-PGPUB 


2004/07/08 09:57 


10 


12053 


(device or unit or mobile) near2 request$3 same (time or timing) 


USPAT; 
US-PGPUB 


2004/07/08 10:02 


11 


28 


((sync or synchroniS) and ((base adj station near4 (adjustS3 or reset$3) 
with (time or timing)) and ((device or unit or mobile or station) near2 
request$3 same (time or timing)))) and ((device or unit or mobile) near2 
request$3 same (time or timing)) 


USPAT; 
US-PGPUB 


2004/07/08 10:02 


- 


22633 


incom$3 near (call or page or message) 


USPAT; 
US-PGPUB 


2004/07/0715:29 


- 


312693 


sync or synchroniS 


USPAT; 
US-PGPUB 


2004/07/08 09:35 


- 


6796 


(incom$3 near (call or page or message)) and (sync or synchroniS) 


USPAT; 
US-PGPUB 


2004/07/07 10:15 


- 


517880 


mobile or wireless or cellular or radio 


USPAT; 
US-PGPUB 


2004/07/08 09:35 


• 


4284 


((incom$3 near (call or page or message)) and (sync or synchroniS)) and 
(mobile or wireless or cellular or radio) 


USPAT; 
US-PGPUB 


2004/07/07 10:15 




2915692 


timer or clock or timing or time 


USPAT; 
US-PGPUB 


2004/07/07 10:16 




4246 


(((incomS3 near (call or page or message)) and (sync or synchroniS)) 
and (mobile or wireless or cellular or radio)) and (timer or clock or 
timing or time) 


USPAT; 
US-PGPUB 


2004/07/07 10:17 




17567 


(sync or synchroniS) with (fail$3 or off) 


USPAT; 
US-PGPUB 


2004/07/07 10:17 


- 


517 


((((incom$3 near (call or page or message)) and (sync or synchroniS)) 
and (mobile or wireless or cellular or radio)) and (timer or clock or 
timing or time)) and ((sync or synchroniS) with (failS3 or off )) 


USPAT; 
US-PGPUB 


2004/07/07 15:31 




168 


455S.ccls. and (((((incom$3 near (call or page or message)) and (sync or 
synchroniS)) and (mobile or wireless or cellular or radio)) and (timer or 
clock or timing or time)) and ((sync or synchroniS) with (failS3 or off))) 


USPAT; 
US-PGPUB 


2004/07/07 10:18 


- 


8 


("5068916" 1 "5507039" | "5703873" | "5930366" | "5940381" | 
"5956650" 1 "6014406" | "6119015").PN. 


USPAT 


2004/07/07 10:57 


- 


599 


(adjust$3 or reset$4) near4 timS4 with base adj station 


USPAT; 
US-PGPUB 


2004/07/07 15:38 




333 


45 5/$. eels, and ((adjustS3 or resetS4) near4 timS4 with base adj station) 


USPAT; 
US-PGPUB 


2004/07/07 16:00 




234 


(sync or synchroniS) and (455/S.ccls. and ((adjustS3 or reset$4) near4 
tim$4 with base adj station)) 


USPAT; 
US-PGPUB 


2004/07/07 15:59 
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9 


((((incom$3 near (call or page or message)) and (sync or synchroniS)) 
and (mobile or wireless or cellular or radio)) and (timer or clock or 
timing or time)) and ((sync or synchroniS) with (fail$3 or off )) and 
((sync or synchroniS) and (455/$.ccls, and ((adjustSB or reset$4) near4 
tim$4 with base adj station))) 


USPAT; 
US-PGPUB 


2004/07/07 15:31 




143 


reset$4 near4 tim$4 with base adj station 


USPAT; 
US-PGPUB 


2004/07/08 08:07 




55 


((sync or synchroniS) and (455/$.ccls. and ((adjustSB or reset$4) near4 
tim$4 with base adj station))) and ( resetS4 near4 timS4 with base adj 
station) 


USPAT; 
US-PGPUB 


2004/07/07 15:53 


- 


1 


2002008201 l.pn. 


USPAT; 
US-PGPUB 


2004/07/0715:54 




542 


base adj station with (hold$3 or park$3 or storS3) near2 (callS3 or 
message or page) 


USPAT; 
US-PGPUB 


2004/07/07 16:02 




14 


((sync or synchroniS) and (455/$.ccls. and ((adjust$3 or reset$4) near4 

V\ J J / V vV, J / 

tim$4 with base adj station))) and ( base adj station with (hold$3 or 
park$3 or stor$3) near2 (call$3 or message or page)) 


USPAT; 
US-PGPUB 


2004/07/07 15:57 


- 


229 


(sync or synchroniS) and ( base adj station with (hold$3 or parkS3 or 
stor$3) near2 (callSB or message or page)) 


USPAT; 
US-PGPUB 


2004/07/07 16:03 




143 


455/$xcls. and ((sync or synchroniS) and ( base adj station with (hoIdSB 
or park$3 or stor$3) near2 (call$3 or message or page))) 


USPAT; 
US-PGPUB 


2004/07/07 16:00 




100 


incomS and (455/$.ccls. and ((sync or synchroniS) and ( base adj station 
with (holdSB or parkSB or storS3) near2 (callSB or message or page)))) 


USPAT; 
US-PGPUB 


2004/07/07 16:00 




82 


incomS adj call and (incomS and (455/$.ccls. and ((sync or synchroniS) 
and ( base adj station with (holdSB or parkSB or storSB) near2 (callSB or 
message or page))))) 

o ^ o ///// 


USPAT; 
US-PGPUB 


2004/07/07 16:01 


- 


51 


base adj station with (holdSB or parkSB or storSB) near2 (callSB or 
message or page) same incomS 3 


USPAT; 
US-PGPUB 


2004/07/07 16:03 


- 


229 


(sync or synchroniS) and ((sync or synchroniS) and ( base adj station 
with (hoIdSB or parkSB or storSB) near2 (callSB or message or page))) 


USPAT; 
US-PGPUB 


2004/07/07 16:03 


- 


11 


(sync or synchroniS) and ( base adj station with (holdSB or parkSB or 
storSB) near2 (callSB or message or page) same incomSB) 


USPAT; 
US-PGPUB 


2004/07/07 16:03 


- 


56 


requests near4 timSB and ((sync or synchroniS) and (455/$.ccls. and 
((adjustSB or reset$4) near4 tiniS4 with base adj station))) 


USPAT; 
US-PGPUB 


2004/07/07 16:15 


- 


1037 


reset$4 near4 timS4 with (base adj station or cell) 


USPAT; 
US-PGPUB 


2004/07/08 08:10 




489 


(sync or synchroniS) and ( resetS4 near4 tim$4 with (base adj station or 
cell)) 


USPAT; 
US-PGPUB 


2004/07/08 08:10 




151 


(mobile or wireless or cellular or radio) and ((sync or synchroniS) and ( 
reset$4 near4 tim$4 with (base adj station or cell))) 


USPAT; 
US-PGPUB 


2004/07/08 09:34 
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